ABSTRACT: Taking Cu, Ti and B powder as raw material, Cu-Ti-B composite powder was prepared by mechanical alloying (MA). The phase, microstructure of the powder during MA process was studied by XRD and SEM, and combining the flour yield to study the best ball mill time. The result shows that: Early ball milling, powder particle size drops rapidly. Extruding and shearing force between grinding balls, plastic deformation of sheets. After 15h, XRD diffraction peak intensity decrease stabilize, particle size reduce to around 20 um. Ball milling after 20 h, powder refining trend slowing, produce powder together. Considering the efficiency of ball milling and powder particle size requirements, determine the best ball milling time for 15 h.
GENERAL INSTRUCTIONS
Mechanical alloying (MA) is an effective method for the preparation of alloy powder. To mechanical alloying powder processing, can be synthesized at room temperature for solid solubility is small and unable to obtain high performance alloys. Along with the mechanical alloying, powder atom by lattice distortion in activity; powder grain refinement at the same time, shortening the distance between the atomic diffusion and increase the reaction area. Zhang Xiuqing [5] and others prepared TiC, ZrC and TiC-ZrC powder by reaction of ball milling, and presents the preparation of the carbide dispersion strengthened copper matrix composites of hot pressing sintering process. Wang Zhibin [6] and others using the high temperature of copper melt pressure heat explosion reaction method, in situ generation of TiC dispersion strengthened copper. Feng Weiwei [8] and others studied the preparation of Cu-Ti-LaB6 composite powder of the best way to ball milling and ball milling time. This article use Cu, Ti, B powder as raw material, the preparation of Cu -Ti-B composite powder, and the best time of ball milling were analyzed by XRD, SEM, particle size distribution, flour yield test.
EXPERIMENTAL MATERIALS AND METHODS
In ball mill process, different ways of ball mill, ball grinding time, material ratio, speed and so on for composite powder particle size and morphology of organization has a great influence, under the given experimental conditions, this paper mainly discusses the ball milling time for the effect of compound powder. This experiment materials used particle size 200 mesh, the purity of 99.9% or more copper powder, boron powder and titanium powder, in order to prevent dust adhesion phenomenon in the process of ball milling, add a small amount of polyvinyl alcohol as a surfactant, ball milling time is 0h ~ 20 h. Experimental apparatus is QM model-3sp2 planetary ball mill, ball milling parameter is set to: speed 5 r/s, positive & negative alternately interval 0.5 h, match grinding ball diameter is 6 mm, 8 mm and 10 mm, ratio of grinding media to material is 20:1, stainless steel ball mill tank capacity is 500 ml. According to the Cu/TiB 2, TiB 2 mass fraction is 6% weigh Cu, Ti and B mixed powder, after adding 2% process control agent for MA processing in the ball mill. In the process of ball milling, stop in 10h, 15h, 20h respectively, take a small amount of samples for testing. Using XRD phase analysis was carried out on the powder; and the powder morphology observed by SEM. Particle size analysis of the composite powder get different ball milling time of powder particle size distribution, and flour yield of different ball milling time were compared.
THEEXPERIMENTAL RESULTS

Result analysis of x-ray diffraction experiment
This experiment adopted the Japan's neo-confucianism D/max2550, a full automatic X ray diffracmeter, to make a phase detection for composite powder. The step length of stepping scan is 0.02 °, scanning Angle is 10 ° ~ 90 °, the incident wavelength is 0.0154056 nm, and determine the phase of composite powder after obtaining the X-ray diffraction diagram with the analysis of Jade 6.0 of composite powder.
Cu, Ti and B atoms in the solid state have a very low solid solubility, which never diffuse mutually to form a solid solution in theory, but after the step of MA, the atoms produce a large amount of lattice distortion under the impact of grinding balls, which increases the activity of atoms. Figure 1 is the X-ray diffraction (XRD) through different time ball mill processing of composite powder test results. As shown in Figure 1 (A), before ball milling, the diffraction peak of the composite powder is sharp because of the unbroken lattice, the diffraction peak is weak because of less Ti, the diffraction peak of Cu is far higher than that of Ti and B because of more Cu. But after MA, the diffraction peak intensity of Cu reduces dramaticlly, which offsets to the right and becomes wide, it shows that in the process of ball milling, grain of Cu refined, formed as solid solution and its' lattice was distorted [5] , but the content of Cu-Ti solid solution relative to Cu is very low, so it only shows the shift of Cu peaks in XRD spectrum, but without new peaks emerged.
As shown in Figure 1 B, from 0 to 20h, intensity of each peak weakened gradually, starting from 15 h, it is hardly ever to identify the peak in Figure 1 B. The above phenomena illustrate that in the process of ball milling, powder grain is refined, lattice structure is destroyed, which resulted in small grain size and lattice distortion. As shown in Figure 2 , without ball milling, composite powder particles are very thick, and their sizes are also very uneven. After 10 h of ball milling, plastic deformation occurs in composite powder particles under the impact of the grinding balling. Due to better powder shaping, powder show larger shape. At the same time, there are some tiny particles attached on the part of flaky powder. It is analyzed that Ti atoms which plasticity is poor and hardness is high, embedded in Cu atoms which has better plasticity in the process of ball milling with the effect of cold welding. Once the ball milling time reaches a certain stage, there is a balance between the applied force of grain and the reunion of ball milling, and then the balanced reunion particles were produced. And this balanced reunion particle granularity is the limit grain size to crush; therefore, it is hard to refine powder particle size sequentially, which leads to a stable state [7] . A shown in Figure 2 , the composite powders particle size are very small and uniform after ball milling of 15 h, but become blurred after 20 h, agglomeration exists and particles size become bigger.
Grading analysis
The diameter of the particle is called grain size, and we use it to indicate granularity. Then we measure the particle size of the Cu-Ti-B powder which has been ball-milled for different times by Mastersizer 2000 laser particle analyzer to get the distribution curve of their particle size. Here is the process: first of all, pour the synthetic powder into the alcohol, then put them into the ultrasonic dispersion device for 5 minutes, finally put the well-dispersed combination into the distilled water to measure its particle size. Figure 3 is the result of the analysis, which shows that the higher the distribution curve is in a certain field, the more focused the particle size is in the same field. We can see that, the curve of the 10h is in the far left when compared with the 15h, which shows the obvious reduction of particle size. So the synthetic powder which has been ball-milled for 10h has a larger particle size and is more dispersed, while that has been ball-milled for 15h has a more narrow and balanced distribution, and the particle size is about 20um. However, the other curve in the graphic is located in the right of the second one and has a lower height, one of the reasonable explanation, I think, is that after the repeated ball-milling, the powder shows a phenomenon of adherence, two or more particles get together and become the united one, therefore, the size will be larger, as we can see from the graphic, they distributed around 30um. 
Flour yield comparison
Another important indicator of ball-milling is flour yield, which can be expressed by the following formula: W1-----the weight of power after ball-milling W2-----the weight of powder before ball-milling Copper, a face-centered cubic crystal, has a perfect plasticity, therefore, it is easy to adhere together during the process of ball-milling. We can reduce this phenomenon to some extent by putting some control agent in it. A handful of powder that stick to the ball and the tin can avoid the direct interference between the balls and between the ball and the tin, then reduce the abrasion of the ball, so it is also helpful to have some certain powder adherence. However, if the temperature in the tin is too high, the copper will has a higher thermo plasticity, which will lead to a serious powder adherence to the ball and the tin, as a consequence, it is not only a waste of raw material and cause a higher cost, but do harm to the refining of the granularity either, so the most important thing is to find the relatively exact time to ball-milling. A higher flour yield can save materials and lower the cost, because of this, it is widely used in the actual production process. Figure 4 is the curve of planetary ball-milling flour yield. As we can see from the graphic, with the time get longer, the flour yield become lower, and show a drop after 15h, because in the late period of ball-milling, there is a serious adherence phenomenon, as a result, flour yield will have a large decline. So we should shorten the ball-milling time as possible as we can, so long as the granularity meet its standard, in this way, we can both get a higher flour yield without any damage to powder and lower our cost.
CONCLUSION
This experiment studied the composite powder after different planetary ball milling time, XRD testing analysis, microstructure morphology observation by SEM, and using a laser particle size analyzer to its particle size measurement and comparison. Explore the different ball milling time on the effects of particle size and flour yield of composite powder, the conclusion is as follows:
(1) Early ball milling, powder particle size drops rapidly. Extruding and shearing force between grinding balls, plastic deformation of sheets. After 15h,particle size reduce to around 20um. Ball milling after 20 h, instead of powder particle size increases, around 30um, after the change of particle size appear repeatedly phenomenon, main reason is that powder appeared the phenomenon of reunion; (2) In the process of ball milling, Ti and B solid soluble in Cu, in the two substances have the corresponding diffraction peak strength reduction and wide phenomena, shows that the spread of the material is more fully. Meanwhile, accumulated lots of dislocation and the distortion energy in powder, in the high energy state, for subsequent sintering process of in situ reaction to provide good conditions; (3) Under the condition of process control agent put in, still has a serious adhesion phenomenon, flour yield decreased with increasing time. Adhesive phenomenon not only waste the raw materials, and will bring adverse effect on grain refinement in the process of ball milling, the production cost is bigger also. Comprehensive considering the factors of powder particle size and the production efficiency, selects the planetary ball mill best grinding time for 15 h.
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